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(54) High end KVM switching system 

(57) A high end switching system is provided with 
improved performance characteristics for interconnect- 
ing a relatively large number of computer user terminals 
(1-16), having a keyboard (1b), a video display units 
(1a) and a cursor control device or mouse (1c), with a 
plurality of computers (201-328) in a computer network, 
which allows a user to access any one or more of said 
computers from a single terminal. The physical architec- 
ture of the switching hub (40) is a modular system com- 
prising a plurality of switch modules (41), each module 
comprising an analogue transmitter (43) circuit and/or 
an analogue receiver (42) circuit, each including an 
analogue crosspoint switching arrangement, a program- 
mable digital circuit (44) for handling digital data signals 
and including a digital crosspoint switching arrange- 
ment, and a backplane (45) interface between the said 
analogue (42, 43) and digital (44) circuits. The analogue 
circuit preferably embodies stripline structures for video 
bus channel paths. There is preferably a fully-redundant 
power supply comprising multiple power supply units 
(601, 602) wherein each power supply unit (601, 602), 
is adapted to be hot-swappable and hot-swappable 
cooling fan modules (603, 604). 
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Description 

Field of the Invention 

[0001] The present Invention relates to a switching 5 
system for interconnecting a plurality of computer user 
terminals or workstations each having user interface 
devices, including a keyboard, a video display unit, and 
a cursor control device or mouse (KVM), with a plurality 
of computers in a computer network, allowing a user to to 
access any one or more of said computers from the 
user interface devices of a single terminal or worksta- 
tion. It is denoted "high end" because of the potentially 
large number of computers which may be intercon- 
nected with the system. is 

Background of the Invention 

[0002] A keyboard-video-mouse (KVM) switching 
system for selectively interconnecting a single worksta- 20 
tion with a plurality of remotely located computers, a 
"low-end* system, is described for example in US-A- 
5,499,377 (Designed Enclosures, Inc.) and such sys- 
tems are available from Cybex Inc., and other suppliers. 
"High end" KVM systems, in which multiple worksta- 2s 
tions may be selectively interconnected with any one of 
multiple computers via a computerized switching hub 
are available from, inter alia, Cybex Inc., Apex PC Solu- 
tions Inc., Rose Electronics Inc., Lightwave Communi- 
cations Inc., C-C-C Group Limited. These systems 30 
greatiy facilitate system administration in a local area 
network from a single workstation, which may be 
located in a different room or building from intercon- 
nected computers such as servers in a large client 
server network. Interconnecting cabling needs are also 35 
reduced. 

[0003] A typical high end KVM switching system is 
described in US-A-5,72 1,842 (Apex). Signal condition- 
ing interface units receive keyboard and mouse signals 
from a workstation and generate serial digital data pack- 40 
ets which are transmitted to a switching hub comprising 
a central crosspoint switch. The crosspoint switch 
routes the keyboard /mouse packet to another signal 
conditioning interface unit coupled to the selected 
remote computer. Analogue video output signals from 4S 
the remote computer are transmitted via central ana- 
logue crosspoint switching arrangement to the worksta- 
tion, so that it appears to the workstation user that there 
is a cfirect connection between the workstation key- 
board, video monitor and mouse to any one of 32 so 
remotely-located computers. 

[0004] The switching hub comprises a master Cen- 
tral Processing Unit (CPU), a plurality of identical trans- 
mit/receive cards, a plurality of switch cards each 
comprising a 1 6x1 6 digital crosspoint switch and a sep- ss 
arate 16x16 analogue crosspoint switch, a digital back- 
plane and a separate analogue backplane. Such a 
system has to be powered down for removal or upgrad- 



ing of cards, and a failure on one switch card or in the 
master CPU will cause the whole system to fail. In con- 
trast, the present invention provides a high end KVM 
system with distributed control, i.e. without a master 
CPU, and in which all cards and components are "hot- 
swappable", a significant advantage which allows for 
simple maintenance and updating of the system to inter- 
connect more workstations and computers, without any 
system down time. 

[0005] US-A-5,884,096 (Apex) describes a similar 
high end KVM switching system. 

Summary of the Invention 

[0006] The present invention provides a switching 
system for interconnecting a plurality of computer user 
terminals (1 -1 6), having user interface devices including 
a keyboard (1b), a video display unit (1a) and a cursor 
control device (1c), with a plurality of computers (201- 
328) in a computer network, allowing a user to access 
any one or more of said computers from the user inter- 
face devices or a single terminal, comprising: 

a switching hub (40) for routing keyboard and cur- 
sor control signals transmitted from any one (1) of 
the terminals (1-16) to a selected computer (201 ), 
and for routing video signals received from the said 
computer to said one of the terminals, said signals 
being in both digital and analogue form; 

a user interface module (17-32) for receiving said 
transmitted keyboard and cursor control signals, 
coupled between said plurality of computer user 
terminals (1-16) and said switching hub (40); 

a computer Interface module (51-178) for receiving 
said received video signals, coupled between said 
plurality of computers (201-328) and said switching 
hub (40); 

characterised in that: 

the physical architecture of the switching hub (40) is 
a modular system comprising a plurality of switch 
modules (41), each module comprising an ana- 
logue transmitter (43) circuit and/or an analogue 
receiver (42) circuit, each including an analogue 
crosspoint switching arrangement, a programmable 
digital circuit (44) for handling digital data signals 
and including a digital crosspoint switching 
arrangement, and a backplane (45) interface 
between the said analogue (42, 43) and digital (44) 
circuits. 

[0007] In another aspect, the invention provides a 
switching hub (40) comprising a plurality of removable 
and hot swappable switch modules (41) each with its 
own crosspoint switching arrangement (402,501,502) 
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and central processing unit (400), each module com- 
prising an analogue transmitter (43) circuit and/or an 
analogue receiver (42) circuit, a programmable digital 
circuit (44) for handling digital data signals, and a back- 
plane (45) interface between the said analogue (42, 43) 
and digital (44) circuits. 

[0008] In a further aspiect, the invention provides a 
switching hub (40) comprising a crosspoint switching 
arrangement (402,501,502), including an analogue 
crosspoint switch (501,502) with a switch topology 
based on a switched transconductance architecture. 
[0009] In a still further aspect, the invention pro- 
vides a switching hub (40) which Is a modular system 
comprising a plurality of switch modules (41), each 
module comprising a separate analogue transmitter 
(43) circuit or ah analogue receiver (42) circuit, each 
including an analogue crosspoint switching arrange- 
ment, a separate programmable digital circuit (44) for 
handling digital data signals and including a digital 
crosspoint switching arrangement and a backplane 
(45) Interface between the said analogue (42, 43) and 
digital (44) circuits,, said analogue circuit embodying 
stripline structures for video bus channel paths. 
[0010] The invention also provides methods of 
switching KVM signals in a KVM system, using the sys- 
tem described, and in the manner as herein set forth. 

Modular system 

[0011] In its preferred embodiment, the invention 
creates a truly modular system, which is very easily 
scalable to the desired system, in terms of connecting 
more users and computers as needs change, by simply 
adding more modules to the system. This is achieved by 
providing switch modules, or packs of cards, for transmit 
and receive modes, providing access to a pre-deter- 
mined number of user- or computer interfaces of the 
system. In the described embodiment, a system is pro- 
vided where each switch module can handle sixteen 
video channels, and with nine modules loaded, the sys- 
tem will allow Sixteen users to control 128 computers in 
a non-blocking way. 

Economic System Architecture 

[0012] In its preferred embodiment, the invention 
reduces costs of design and manufacture by splitting 
each switch module into an analogue card and a digital 
card, wherein the digital card is a common card which 
may be used interchangeably for both transmit and 
receive modes, i.e. bundled either with an analogue 
receiver or transmitter card. 

Hot Swap 

[0013] In its preferred embodiment, the invention 
provides a fully "hot-swappable" modular KVM system. 
Every single removable module in the system may 
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therefore be hot swappable,. I.e. may be plugged or 
unplugged in a powered on condition. This includes; 
power-supplies, fan modules, all cards, control panel. 

5 CAN-bus as Internal communication 

[0014] In its preferred embodiment, the invention 
provides communication between all cards based on a 
Controller Area Network (CAN) bus, for example; all 
10 switching information, system information, update infor- 
mation for the main CPU, update information for the pro- 
grammable logic devices, control information. 

Synchronisation Signals 

15 

[0015] Whereas the analogue cards are for distrib- . 
uting video signals, the preferred embodiment of the 
invention provides a digital card for handling vertical and 
horizontal synchronisation signals (HS and VS) exdu- 
so sively for the video channel, and the external communi- 
cation. VS and MS signals are not encoded onto the 
analogue colour video signals (e.g. green and blue) as 
in the prior art, US-A-5,884,096 (Apex). 

25 Video Quality 

[0016] In Its preferred embodiment, the invention 
improves transmitted video signal quality, without any 
loss of quality when a large number of computers are 

30 connected to the system. This is achieved by a combi- 
nation of features, a common object of which is to pre- 
serve the integrity of the video signals and minimise 
crosstalk at every stage during transmission through the 
system, to avoid for instance "ghosting" on screen from 

35 interference of other video channels in the system. 
These features Include, but are not limited to the follow- 
ing: 

Choice of crosspoint switch 

40 

[0017] An analogue crosspoint switch topology 
based on "switched transconductance architecture" is 
. preferred over the more common "bilateral mosfet (or 
CMOS) switch" type of device, described for Instance in 

45 US-A-5,884,096 (Apex). In the described embodiment 
of the present invention, the particular crosspoint switch 
used consists of an array of 128 tranconductance input 
stages organised as eight 16:1 multiplexers with a com- 
mon, 16-line analogue input bus. Each multiplexer is 

so basically afolded-cascode high-speed voltage feedback 
amplifier with sixteen input stages. This architecture 
results in a low-power, large matrix crosspoint switch 
with high input resistance, low input capacitance and 
wide bandwidth without the use of additional input buff- 

55 ens. Bi-lateral mosfet (or CMOS) switches on the other 
hand suffer from significant parasitic capacitance and 
finite ON resistance since they aire not internally buff- 
ered. This reduces overall bandwidth and causes varia- 
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tion in bandwidth as outputs are added or removed from 
a driving input 

Backplane Design 

[0018] Controlled impedance m stripline* techniques 
have been used in the design of the analogue video bus 
portion of the backplane in order to optimise signal 
integrity, channel bandwidth and crosstalk separation. 
Adjacent channel crosstalk separation is enhanced by 
interleaving adjacent channel paths in an alternate tri- 
plate stripline structure, i.e. ail even channels are car- 
ried In one stripline structure and all odd channels are 
carried in an other. Expanding on the above technique 
additional stripline structures may be used to further 
enhance the separation between channels thus further 
improving the crosstalk separation. 

Backplane Interconnect design 

[001 9] In order to maintain maximum system band- 
width and optimal crosstalk separation, special consid- 
eration has been given to the design of interconnectors 
at the backplane. A specific pin assignment is used with 
the connector array in order to minimise the crosstalk 
separation between channels, in a technique which cre- 
ates a pseudo-coaxial cavity for each analogue signal 
path within the mated connector body thereby resulting 
in optimal crosstalk separation. In the embodiment 
described, a suitable connector for this technique is 
from the HDM plus range manufactured by Teradyne, 
Inc. 

Additional noise reduction measures 

[0020] In order to reduce conducted noise from the 
digital portion to the analogue Circuits, galvanic 
isolation has been incorporated in all interface paths 
between the digital card and the analogue card. This 
has been achieved through the use of optocouplers in 
all digital signal paths between the analogue printed cir- 
cuit board (PCB) and digital PCB. In the embodiment 
described, a suitable optocoupler is part HCPL-0531, 
supplied by Hewlett Packard, Inc. 

Redundant power supplies 

. [0021] In its preferred embodiment, the invention 
provides a KVM switching system with a fully redundant 
power supply, having at least two independent power 
supply systems. If one power supply. fails, the other one 
will guarantee a stable system which will go on working 
without interruption. 

FPGA Crosspoint Switch Arrangement 

[0022] In its preferred embodiment, the invention 
provides a progranmable logic device, such as a field 



programmable gate array (FGPA) for switching the syn- 
chronisation signals. In the described embodiment, 
there are advantageously two bi-directional 16 by 16- 
crosspoint switches, both switched simultaneously for 

5 distributing horizontal and vertical synchronisation sig- 
nals always together on one channel. These crosspoint 
switches are preferably controlled by the main CPU. 
The logic device Is preferably accessed by a data bus, 
an address bus and some control signals. This interface 

to may be compatible to a standard microcontroller inter- 
face or a serial control link. This device is preferably pro- 
grammable from the main CPU of the system. 
Advantageously, it is adapted to be automatically 
updated when the firmware of the CPU is updated. 

15 

Low Voltage Differential Transceiver (LVDS) back- 
plane drivers 

[0023] Differential LVDS drivers/receivers are used 
20 for the backplane. This reduces electromagnetic inter- 
ference (EMI) and reduces crosstalk to other signals. 

Remote firmware update 

25 [0024] Advantageously, all programmable elec- 
tronic devices may be reprogrammed or updated from a 
remote location. Alternatively, updates could be per- 
formed by computers with a serial, parallel, LAN, Inter- 
net, Infra-red and radio controlled transmission. The 

30 system could be configured via Internet 

System monitoring via control panel 

[0025] Advantageously, the control panel may be 
35 used for updating the whole system. The update infor- 
mation Is distributed via the CAN bus internally and the 
external command bus distributes this information to 
other switch modules. It is possible to update cards in 
other units connected to the system. Another advanta- 
ge geous use of the control panel is to configure the sys- 
tem and do administrative work, including debugging 
the system. 

Single unshielded twisted pair (UTP) Category 5 
45 (CAT5) cable transmission 

[0026] A single CAT5 transmission cable may be 
used to interconnect wprkstation and computer inter- 
faces to the KVM switching system hub. Such .a cable is 
50 of known construction, e.g. as described in US Patent 
Applications Nos. 60/043,085, 60/045,608, 09/073,178, 
08/971 ,223, 08/971 ,224, all assigned to Cybex Inc. 

Rash upgradable firmware 

55 

[0027] Firmware in the system is preferably flash 
memory upgradeable. The system starts up from a boot 
ROM/EPROM and looks for a newer firmware version in 
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the flash memory. If there is a newer version, the system 
executes commands from the flash memory. 

Detailed Description of the Drawings 
[0028] 

Figure 1 is a schematic representation of a high end 
KVM switching system in accordance with an 
embodiment of the present invention in which six- 10 
teen user workstations are connected with 128 
computers; 

Figure 2 is a block diagram of a common digital 
card, transmitter or receiver, comprised in a switch 
module of the system shown In Fig. 1 ; is 
Figure 3 is a block diagram of the field programma- 
ble gate array (FGPA) and crosspoint switch 
arrangement of the digital card shown in Fig. 2; 
Figure 4 is a block diagram of an analogue transmit- 
ter card, comprised in a switch module of the sys- 20 
tern shown in Fig. 1; 

Figure 5 is a block diagram of an analogue receiver 
card, comprised in a switch module of the system 
shown in Rg. 1 ; 

Figure 6 is an end view of the rear panel of the 2s 
switching hub unit shown in Rg. 1 ; 
Rg. 7 shows a portion of a backplane connector pin 
assignment, illustrating a shielding technique; 
Fig. 8 shows further aspects of the analogue back- 
plane interface shown in Rgs. 4 and 5; and 30 
Rg. 9 shows an example of an alternate tri-plate 
stripline structure, described with reference to the 
analogue circuits shown in Figs. 4 and 5. 

Detailed description 35 

[0029] FIG.1 shows the high end KVM ("Keyboard- 
Video-Mo use") computerised switching system or 
crosspoint switch according to the present invention, 
which allows a targe number of computers to be cou- ao 
pled to a number of user terminals or workstations. In 
the embodiment shown, 128 computers (201-328) are 
interconnected with sixteen workstations (1-16), all 
computers being accessible from any one of the work- 
stations, which may be remotely located in another 45 
room or building, for example. Each workstation (1-16) 
comprises a user interface including a video, monitor 
(1a), a keyboard (1b) and a cursor control device such 
as a mouse (1 c). Workstation input signals from the key- 
board and the mouse are received by a user interface so 
module (17-32), for example, a known system called 
4xR by Cybex Computer Products international' Ltd. 
[0030] The user interface module (17), packs and 
transmits/receives the bidirectional keyboard and 
mouse data signals over a communication link (33) 55 
to/from a switching hub (40). After being routed through 
the switching hub, the keyboard and mouse signals are 
retransmitted on another communication link (50) to a 
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computer interface module (51) which is connected to a 
remotely-located computer (201). The cbmputer inter- 
face module may also of known design, preferably a 
Cybex 4xP. The computer Interface module separates 
and unpacks all the different types of data again and 
supplies the keyboard and mouse signals through 
appropriate connectors (180) to the input ports of the 
computer. The computer Interface module acts (ike a 
keyboard and mouse connected to the computer even 
when communication with the workstation system is 
lost The emulation of keyboard and mouse at the com- 
puter interface module also lets the computer boot with- 
out error messages and failures. 
[0031] The switching information needed for the 
switching hub switch is usually generated in the user 
interface module (17). The information is provided to the 
switching hub (40) by the communication link (33), 
which already carries the mouse and keyboard data sig- 
nals. 

[0032] Analogue video signal output produced by 
the remote computer (201) is transmitted along the 
communication link (50) to the switching hub (40). This 
is then routed through the switching hub (40) and 
retransmitted to the user interface module (17), which 
provides the video signals to the monitor (1 a). 
[0033] Synchronisation signals, horizontal sync 
(HS) and vertical sync (VS) associated with the ana- 
logue video signals (e.g., red, green, blue), are transmit- 
ted to the switching hub (40), routed through the 
crosspoint switch arrangement, and then retransmitted 
to the user interface module (17). Th e user interface 
module then provides the synchronisation signals to the 
monitor (1a). 

[0034] From a user's perspective, the monitor (1a), 
keyboard (1b) and mouse (1c) appear as if they are 
directly connected to the remote computer (201 ). 

The Switching Hub 

[0035] FIG. 1 also shows in general outline a block 
diagram of the switching hub (40), which has many 
novel features in accordance with the present invention. 
This is easily scalable to the needed system, because 
of Its physical modular architecture. Switch modules 
(41) fitting within individual racks in the switching hub 
(see FIG. 6) housing each provide access either to six- 
teen user interface modules (1 7-23) or sixteen compu- 
ter interface modules (51-67) of the system. Each 
switch module is split into an analogue card (42, 43) and 
a digital card (44), in a back to back configuration. The 
switch modules are not all identical, and may be config- 
ured either as a receive module (42, 44) or as a transmit 
module (43, 44). The digital card (44) is most preferably 
common for both types of switch module, which reduces 
design and manufacturing costs. The analogue card is 
either an analogue receiver (42) or analogue transmitter 
(43), adapted respectively to distribute incoming or out- 
going video signals from the switching hub (40). A com- 
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blned analogue receiverArahsmitter card is possible. 
The digital card handles video synchronisation signals, 
the external communication, and the control signals for 
the analogue cards. Control signals coming from the 
digital card and going to the analogue card are isolated 5 
with opto couplers. 

[0036] There are therefore sixteen video channels 
per switch module (41), in the embodiment described. 
The number of users or computers could be increased 
with every module (41) by steps of sixteen. This system 10 
wili allow sixteen users to control 128 computers in a 
non-blocking way. It is also possible to have more than 
sixteen user Interfaces connected to the switching hub. 
Additionally, it must be noted, more than one user can 
be connected to the same computer. 1$ 
[0037] Every switch module includes a sixteen by 
sixteen digital crosspoint switch arrangement (see 
FIG.2) and has access to sixteen channels on a back- 
plane (45). A "channel" comprises different lines for 
each of the following signals: analogue video red, ana- 20 
logue video green, analogue video blue, a pair for verti- 
cal synchronisation (VS) and a pair for horizontal 
synchronisation (HS). Communication between the 
cards is performed on an internal communication bus. 
This communication is based on a differential CAN 25 
(controller area network) bus (404). For example, infor- 
mation sent on the CAN bus may be: keyboard informa- 
tion, mouse information, switching Information, system 
information, update information for the main CPU, 
update information for the programmable logic devices, 30 
control information. 

Control panel 

[0038] A control panel (46) may be used for updat- 35 
Ing the whole system. The update information is distrib- 
uted via the CAN bus internally to other plugged cards 
and the external communication bus distributes this 
information to other units, for example user interface 
modules or computer interface modules. Another use of 40 
the control panel is to configure the system and do 
administrative work. The control panel could also be 
used for debugging the system, e.g. from workstation 
(47). 

45 

Digital card 

[0039] As mentioned above one switch module (41 ) 
consists of a digital card (44) and one analogue trans- 
mitter (43) or receiver (42) card. The CPU (400) (central so 
processing unit) shown in FIG.2 controls both cards, the 
digital. and the analogue card. The analogue card either 
transmits, or receives and switches the analogue video 
signals. In contrast to this the digital card controls and 
distributes the digital data signals, which are necessary ss 
for mouse, keyboard and monitor switching. A defined 
interface controls the analogue card. 



Central Processing Unit (CPU) and Memory 

*■ ■ 

[0040] Distributed control is provided by a separate 
stand alone CPU and memory on each digital card. The 
CPU (400) on the digital card Is, for example, a sixteen 
bit CMOS microcontroller (C167) from Siemens A.G. It 
uses a ROM (read only memory), a RAM (random 
access memory) and a Flaish ROM. For the memory 
system (401), two of each (RAM and ROM) are used. 
The memory devices are 8 bits wide, so one device is 
used for the lower and one is used for the upper 8 bits of 
the 16-bit data bus. Everything in the system is flash 
upgradeable. So the system or CPU starts up from a 
Boot ROM/EPROM, but first looks for a newer firmware 
version in the flash memory. If a newer version exists, 
the system goes on executing commands from the flash 
memory. The flash ROM can be updated on the card, 
through the system from a workstation (47), from a 
remote computer, or from the control panel (46), for 
example via an infrared link from a portable computer. 
[0041] It is possible to use another processor type 
from this family. By changing two resistors connected to 
the EA pin of the CPU, it is possible to use a processor 
with internal flash and leave out the flash ROM's from 
the memory system. There is an interface on the digital 
card (44), which can be used for such an upgrade. 

Programmable Logic Device and Transmit- 
ter/Receivers 

[0042] During start-up the central processing unit 
programs a programmable logic device, or FPGA (402) 
in this embodiment, programmed over a serial interface. 
This device is connected to the data, address and con- 
trol bus of the CPU. Programming this device by the 
CPU on every start-up makes sure that there Is always 
the latest firmware in the FPGA. 
[0043] To get a 1 6- channel communication to other 
units, four quad UARTs (403) are used on every module 
(41). These UARTs are also connected to the CPU 
data, address and control bus. Buffers may be used for 
driving such an amount of devices on the address bus. 
[0044] The digital cards are fully bi-directional, i.e. 
all the Input and output signals can be reversed by 
direction controller (408) (see FIG. 3), and a common 
card is used for a transm itter (43, 44) and a receiver (42, 
44) switch module (41 ). The digital part (44) of the mod- 
ule, recognises in what way it has to act depending on 
tone direction signal coming from the analogue part 
When acting as a receiver module, the synchronisation 
signals HS, VS, come in from the computer interface 
module (51) differentially. They are received by differen- 
tial line receivers and converted into CMOS compatible 
signal levels. Ail sixteen . HS and sixteen VS signals are 
then connected to the FPGA. 
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Crosspoint Switches on Digital Card 

[0045] There are two bi-directional 16 by 16-cross- 
point switches embodied by the FPGA (402). Both are 
switched simultaneously for distributing HS and VS syn- s 
chronisation signals always together on one channel or 
communication link. These crosspoint switches are con- 
trolled by the CPU (400). The logic device is accessed 
by a data bus (406), an address bus (405) and some 
control signals (407). This interface is compatible to a io 
standard microcontroller interface. A serial control link 
couid also be used. 

[0046J FIG.3 shows the FPGA (402) and crosspoint 
switch arrangement in more detail, which comprises 
from sixteen (1 6 by 1 ) multiplexers (450-466) for the HS 15 
and from sixteen (1 6 by 1 ) multiplexers (470-486) for the 
VS synchronisation signals. The sixteen inputs of each 
group of multiplexers are connected together. The out- 
puts of the multiplexers go out of the device again. With 
this arrangement, two 1 6 by 1 6 crosspoint switches are 20 
generated. 

[0047] When a connection is demanded by a user 
interface module, the CPU (400) selects one of the six- 
teen multiplexers with its coding on the address bus. 
The data bus will carry the information which one of the 25 
sixteen inputs will forward to the output of the multi- 
plexer. There is one 5-bit data register for every pair of 
multiplexer (HS and VS), which stores the switching 
information and keeps the connection. Data registers 
(409) are updated with information from the data bus 30 
(406), when the address register recognises a legal 
address and an update signai is sent to the correspond- 
ing data register. Connections could be released in the 
same way with the data bus on a low level on every sig- 
nal. The switching information is stored in the FPGA 35 
(402) when the device is selected with the chip-enable 
signal and the write signal goes low and rises again 
The reset line will clear all connections. It is the same 
when the system is powered up again. The FPGA is 
programmed by the CPU (400). It will be automatically 40 
updated when the firmware of the CPU is updated. 

Low Voltage Differential Transceivers (LVDS) 

[0048] When the synchronisation signals are routed 
through the crosspoint switch (402) they are routed to 
sixteen transceivers. These low voltage differential sig- 
nal (LVDS) transceivers (410) provide the synchronisa- 
tion signals to the backplane (45). In this embodiment, a 
LVDS transceiver is used because of reduction on elec- so 
tromagnetic interference (EMI) and also to keep the 
crosstalk between these and other signals low. The 
LVDS driver could be reversed with the direction signai 
provided by the analogue card. 

[0049] In the reverse direction, when the digital card ss 
(44) acts like a transmitter, the LVDS transceiver (410) 
receives differential synchronisation signals from the 
backplane, converts them into CMOS compatible signal 



level and forwards them to the FPGA crosspoint switch 
(402). This device will route the signals as needed for 
the user and outputs them to a CATS (Category 5 com- 
puter network cable) driver output section (41 1) again. 
These differential drivers (See FIG.2) are in parallel to 
the receivers for the reverse direction and are controlled 
by the direction signai coming from the analogue card. 
There Is only one of the parallel drivers active at one 
time. The differential input or output from the CAT5 side 
are connected to the differential line receiver of the type 
26C32 and are also connected to the differential line 
driver of the type 26C31. The signal T/R (trans- 
mit/receive) determines the direction information. The 
driver is active when this signal is on a low level 
because it is connected to the positive enable pin of the 
driver. The T/R signal Is also connected to the low active 
enable signal of the differential line receiver and in case 
of an active driver this receiver will be inactive and vice 
versa. 

Communication Links 

[0050] The external system Communication is 
based on differential signals. The previously prepared 
data packages, as prepared by the user or computer 
interface modules (17, 51) are received by differential 
line receivers at the CATS cable inputs. It should be 
noted that this communication Is based on a full duplex 
proprietary communication protocol. 

Universal Asynchronous Receive Transmit Modules 
(UARTs) 

[0051] Incoming data packages are converted to a 
CMOS-compatible signal level and then forwarded to 
the UART (403) inputs. For the sixteen communication 
links, four quad UARTs (403) are used. These UARTs 
are full duplex as well, and transmit and receive at the 
same time. The serial data is converted into parallel 
data and stored in a FIFO (first in first out) memory. The 
UART incorporates a 16-byte FIFO for every communi- 
cation path. The CPU, which is connected to the UARTs 
via data, address and control buses (405, 406, 407) 
then has access to these bytes. The CPU will be 
informed by interrupt signals when bytes arrive. The 
UARTs will also report reception errors or transmission 
errors to the CPU (400). 

[0052] In the reverse direction, when the digital card 
(44) acts like a transmitter, the CPU stores data bytes 
for external bus transmission in the UART. These data 
bytes are serialised and output to the CATS driver sec- 
tion (411) by the UART. To access the UARTs, the data 
bus and the address bus are used. To generate the 16- 
chip select signal, only one chip select signal is used 
from the CPU. The others are generated by an address 
decoder (412) which is built up from two 1 by 8 demulti- 
plexers (See FIG.3). Therefore three lower address 
lines are connected to the UARTs themselves and four 
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additional higher address lines are connected to the 
decoder devices. The driver converts the CMOS signal 
Into a differential signal and outputs it to the CAT5 con- 
nectors. 

[0053] The CPU which receives and transmits ail 
the data from and to the UARTs forwards ail Information 
with other destinations to the internal system bus which 
. is located on the backplane (45). this system bus is 
. based on the CAN bus. The integrated CAN module 
(404) of the CPU is used for this. All serial CAN data is 
output to a dedicated CAN driver (413) which converts 
the signals into differential signals, the CAN system 
bus runs at a speed of 1mhz, for example. In this way all 
the modules communicate with each other. 

Handling of the CAN bus protocol 

[0054] CAN bus data packages which are for a par- 
ticular module are handled by the CPU in that module. 
In case of switching information it will send switching 
commands to the FPGA crosspolnt switch (402), to the 
analogue video crosspoint switch (501 , 502) and enable 
signals to the video buffers. For enabling the video buff- 
ers a serial synchronous interface (500) is used. This 
interface (500) to the respective analogue card (42, 43) 
is separated by optocouplers to prevent noise on the 
analogue card. This serial data is converted into sixteen 
parallel enable signals for the video buffers. The six 
video crosspoint switches are controlled in the same 
way. The serial synchronous data is clocked into the 
crosspoint switches. This interface is also opto-isolated 
to prevent high frequency digital noise in the analogue 
portion of the system. 

Front Control Panel 

[0055] The front control panel (46) which is also 
connected to the internal CAN bus (414) will provide 
configuration information to the switch modules. This 
could be information like memory update information for 
the CPUs of the other switch modules (41). The chassis 
address for this unit could be set with the control panel 
and it will be forwarded to other cards which need the 
Information. 

[0056] The front panel (46) could also be used as 
an interface for debugging the system. In this case the 
panel may be used to monitor the internal communica- 
tion bus (CAN) and forward the information to a display 
or to a computer (47) connected via serial port to the 
panel, if needed the developer or user can read in or 
send out commands and data. 

[0057] The control panel may also be used to mon- 
itor the primary and redundant power supply units (601 , 
602), and give a warning of voltage drops or power fail- 
ures, it may also be used for monitoring the temperature 
in the system housing and will give an alarm in the case 
of overheating. 

[0058] The user interface of the control panel may 



be a graphic display with a touch panel to enter com- 
mands and set up the system, or a character display 
with buttons or switches to enter information. 



[0059] ' The system most preferably includes two 
independent, fully redundant power supply units. If one 
power s upply (601 ) fails the other one (602) will guaran- 
10 tee a stable system which will go on working without 
Interruption. The power supplies are monitored by the 
control panel. 



[0060] Every replaceable module in the system is 
most preferably designed to be "hot swappableV Every 
single module, e.g. power supplies (601, 602), fan mod- 
ules (603, 604), all switch modules (41), and the control 
20 panel (46), could be plugged or unplugged in a powered 
on condition without interruption of system function. The 
novel modular design of the switch modules (41) allows 
each of these to be individually hot-swappable, a most 
advantageous feature of the invention. 

25 

Analogue Transmitter Card (Fig. 4) 

[0061] The transmitter switch module (43, 44) con- 
sists of an analogue transmitter card (43) "stacked" on 
30 top of the digital card (44), as described above. Each 
input stage of the transmitter card presents a high 
impedance to the backplane analogue bus thereby 
causing negligible loading and maximising signal integ- 
rity. 

35 [0062] The analogue transmitter card is connected 
to the backplane analogue bus using, for example, a 
HDM plus daughtercard connector assembly (503), as 
supplied by Teradyne Inc. 

The length of the printed circuit board , (PCB) track 

40 between the connector and the input buffer amplifier 
(504) has been kept as short as possible in order to min- 
imise stray parasitic capacitance and thereby maximise 
channel bandwidth. The output of this amplifier directly 
drives (i.e. the transmission line is only terminated at the 

45 far end by its characteristic impedance) a controlled 
impedance transmission fine implemented by a stripline 
structure embedded in the PCB structure during manu- 
facture. This stripline has a nominal impedance of 50ft 
+ / - 15%. The termination for this section of stripline is 

so placed as close as possible to a 16 X 16 analogue 
crosspoint switch, which may comprise two 16X8 Buff- 
ered Video Crosspoint Switches (501, 502) per ana- 
logue signal (red, green, blue), for example, product 
part AD81 10 by Analog Devices, Inc. In order to build a 

55 16 X 16 non-blocking matrix the sixteen single-ended 
high impedance inputs of both devices are connected in 
parallel thus forming a 1 6 X 1 6 crosspoint matrix switch. 
[0063] Therefore to implement a 1 6 X 1 6 non-block- 
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ing crosspoint matrix for all three analogue signals (red, 
green, blue) requires six AD8110 devices (501, 502) in 
this embodiment of the invention. 
[0064] Control signals from the corresponding and 
adjacent digital card (44) In the switch module (41) are 
supplied to the analogue transmitter card (43) as serial 
data via a stacker connector. In order to minimise the 
coupling of conducted digital ■noise" from the digital 
card to the analogue circuits ail control signals are "gal- 
vanically isolated" using opto-isolators (500), in a known 
manner. On the analogue side of the opto-isolated bar- 
rier this serial data stream is fed directly to the analogue 
crosspoint switches and determines the signal routing 
within the crosspoint switch. The selected active cross- 
point output is buffered immediately by a wideband 
monolithic amplifier (505). This buffer directly drives a 
section of" stripline" similar to that described earlier. 
[0065] This stripline section carries the routed sig- 
nal to a correctly terminated input stage of discrete dif- 
ferential amplifier stage (506). This differential amplifier 
stage provides the single-ended to balanced conver- 
sion. This stage also provides switched "pre -emphasis'. 
The pre-emphasis applied here in conjunction with the 
equalisation in the analogue receiver provides a means 
to accommodate a wide range of CAT5 cable lengths. 
The balanced signal is connected to the respective 
RJ45 by a section of balanced stripline with a nominal 
1 00ft differential Impedance. 

Method of Operation of the Backplane Analogue 
Bus 

[0066] Controlled impedance "stripline" techniques 
have been used in the design of the analogue video bus 
portion of the backplane in order to optimise signal 
integrity, channel bandwidth and crosstalk separation. 
The analogue backplane bus consists of sixteen "Dou- 
ble Matched" transmission lines, (i.e. terminated at both 
ends by its characteristic impedance) implemented in a 
■stripline" structure with a loaded impedance of approx- 
imately 50ft. Thus the effective input impedance at any 
point along this transmission line is 25ft 
[0067] The analogue bus driver device in the 
receiver card drives this backplane with a nominal 25ft 
source impedance. This matched impedance approach 
minimises ringing on fast signal edges, (See FIG. 8). 
[0068] Adjacent channel crosstalk is reduced by 
interleaving adjacent channel paths in an alternate tri- 
plate stripline structure, i.e. all even channels are car- 
ried in one stripline structure and all odd channels are 
carried in another offset structure. Expanding on the 
above technique additional stripline structures may be 
used to further enhance the separation between chan- 
nels thus further improving the crosstalk separation, 
(See FIG. 9). 

[0069] In order to maintain maximum system band- 
width and optimal crosstalk separation, special consid- 
eration has been given to the choice of interconnect 



technology employed. The connector chosen is prefera- 
bly from the HDM plus range manufactured by Tera- 
dyne, Inc. This connector has an integral stripline 
structure and is optimised for controlled impedance 
5 environments between 50ft and 60ft. A specific pin 
assignment is used with this connector in order to max- 
imise the crosstalk separation between channels, (See 
FIG.7). 

[0070] This pin assignment creates a "pseudo- 
10 coaxial cavity" (700) defined by ground pins (701) sur- 
rounding each analogue signal path (702) within the 
mated connector body thereby resulting in optimal 
crosstalk separation. 

is Analogue Receiver Card (Fig. 5) 

[0071 ] The receiver switch module (42, 44) consists 
of an analogue receiver card (42) "stacked" on top of the 
digital card. Red , green , blue and HS synchronisation 

20 information are presented to the analogue receiver card 
as electronically balanced or differential signal pairs. VS 
synchronisation information , along with keyboard and 
mouse signals are routed directly to the digital card (44) 
underneath. Each channel or above signal group are 

25 accommodated in one CAT 5 cable assembly termi- 
nated in an RJ 45 connector. The balanced HS synchro- 
nisation signal is directly routed internally to the digital 
card via the stacker connector. The analogue receiver 
does not perform any operation on this signal. 

30 [0072] The remaining differential red , blue and 
green signals are routed from the RJ45 connectors to 
the input stages by balanced stripline with a nominal 
100ft differential impedance, where they are converted 
to single - ended signals by discrete differential amplifier 

as stages (509). Each differential amplifier incorporates 
switched cable equalisation in order to compensate for 
the progressive high frequency roll-off with increasing 
length of CAT5 cable used and therefore flatten" the 
frequency response. 

40 [0073] In order to reduce power consumption inac- 
tive or unused differential amplifier input stages have 
powerdown capability whereby the power supply volt- 
age is removed from the stage. This also reduces inter- 
nal heat produced from unused Input stages that are 

45 turned on. 

[0074] The control signals required to provide the 
enable / disable function are derived from the serial data 
stream. This control information is extracted using two 
8-bit shift registers and controls the discrete input differ- 
so ential amplifier stages directly. 

[0075] The output signal is then buffered by a mon- 
olithic amplifier (508). whose output directly drives (i.e. 
the transmission line is only terminated at the far end by 
its characteristic impedance) a controlled impedance 

55 transmission line implemented by a stripline structure 
embedded in the PCB structure during manufacture. 
This stripline has a nominal impedance of 50ft + / - 
15%. The termination for this section of stripline is 
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placed as close as possible to the 16 X 16 analogue 
crosspoint switch (501 , 502), similar to that described 
above for the transmitter card. 
[0076] A crosspoint switch topology based on 
"switched transconductance architecture" has been s 
chosen over the more common "bilateral mosfet switch" 
type of device. The particular crosspoint switch used 
consists of an array of 128 tranconductance input 
stages organised as eight 1 6:1 multiplexers with a com- 
mon, 16-line analogue input bus. Each multiplexer is w 
basically a folded-cascode high-speed voltage feedback 
amplifier with sixteen input stages. This architecture 
results in a low-power large matrix crosspoint switch 
with high input resistance, low input capacitance and 
wide bandwidth without the use of additional input buff- is 
ers. 

[0077] Therefore to implement a 1 6 X 1 6 non-block- 
ing crosspoint matrix for all three analogue video sig- 
nals (red, green, blue) requires six AD8110 devices in 
the present implementation of the invention. Control sig- 20 
nats from the digital card underneath are supplied to the 
analogue receiver PCB as serial data via the stacker 
connector. In order to minimise the coupling of con- 
ducted digital "noise" from the digital PCB to the ana- 
logue circuits all control signals are "gaivanically 25 
isolated* using opto isolators. On the analogue side of 
the opto-isolated barrier this serial data stream is fed 
directly to the analogue crosspoint switches and deter- 
mines the signal routing within the crosspoint switch. 
The selected active crosspoint output is buffered imme- 30 
diatety by a wideband monolithic amplifier (511). This 
buffer directly drives a section of" stripline" similar to 
that described earlier. This stripline section carries the 
signal to the correctly terminated input stage of the 
"backplane analog bus" driver circuit (51 0) located close 35 
to the HDM plus daughtercard connector (503). This 
placement is necessary in order to keep the un-termi- 
nated "stub" length short when the bus driver is disa- 
bled. The analogue transmitter card (42) is connected to 
the backplane analogue bus using a HDM plus daugh- ao 
tercard connector assembly, as described above. 
[0078] In the present embodiment of the invention 
the analogue bus driver used is a MAX4223EUT-T 
device, supplied by Maxim. This device has an output 
disable function which is activated by "pulling" a shut- as 
down control pin (SHDN) low (507). 
[0079] Therefore a particular channel output is 
effectively "wire-OR'ed" with the same channel outputs 
on another receiver card or cards in the same chassis 
thereby giving each card's output access to the com- so 
mon backplane analogue bus. The control signals 
required to provide the enable / disable function are also 
derived from the serial data stream. This control infor- 
mation is extracted in a similar manner to that descrfoed 
for the differential input stages using a further two 8-bit ss 
shift registers and controls the analogue bus drivers 
directly. 

[0080] While the invention has been particularly 



shown and descrtoed with reference to embodiments 
thereof, those skilled in the art will understand that the 
foregoing and other changes in form and detail may be 
made therein without departing from the scope of the 
present invention. 

Claims 

1. A switching system for interconnecting a plurality 
of computer user terminals (1-16), having user 
interface devices including a keyboard (1b), a video 
display unit (1a) and a cursor control device (1c), 
with a plurality of computers (201 -328) In a compu- 
ter network, allowing a user to access any one or 
more of said computers from the user interface 
devices or a single terminal, comprising 

a switching hub (40) for routing keyboard and 
cursor control signals transmitted from any one 
(1 ) of the terminals (1-16) to a selected compu- 
ter (201 ), and for routing video signals received 
from the said computer to said one of the termi- 
nals, said signals being in both digital and ana- 
logue form, 

a user interface module (1 7-32) for receiving 
said transmitted keyboard and cursor control 
signals, coupled between said plurality of com- 
puter user terminals (1-16) and said switching 
hub (40), 

a computer interface module (51-178) for 
receiving said received video signals, coupled 
between said plurality of computers (201-328) 
and said switching hub (40), 

characterised in that 

the physical architecture of the switching hub 
(40) is a modular system comprising a plurality 
of switch modules (41), each module compris- 
ing an analogue transmitter (43) circuit and/or 
an analogue receiver (42) circuit, each includ- 
ing an analogue crosspoint switching arrange- 
ment, a programmable digital circuit (44) for 
handling digital data signals and including a 
digital crosspoint switching arrangement, and a 
backplane (45) interface between the said ana- 
logue (42, 43) and digital (44) circuits. 

2. A switching system according to claim 1 , in which 
the digital circuit (44) of each switch module (41) 
comprises its own central processing unit (400) 
adapted to provide distributed control of each 
switch module in the switching system. 

3. A switching system according to claim 1 or claim 
2, in- which the digital circuit (44) is bi-directional 
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and is adapted to handle received or transmitted 
digital data signals,, and is common, to ail switch 
modules. 

4. A switching system according to any one of 5 
claims 1 to 3, in which each switch module is con- 
figured as either a transmitter module (43, 44) or a 
receiver module (42, 44). 

5. A switching system according to any one of to 
claims 1 to 4, wherein each switch module provides 
access to a pre-determined number of computer 
user terminals or computers. 

6. A switching system according to any of claims i 15 
to 5, in which the horizontal synchronisation (HS) 
and vertical synchronisation (VS) parts of the video 
signal are digitally encoded and handled by said 
digital circuit (44). 

20 

7. A switching system, according to any of claims 1 
to 6, in which internal communication between the 
analogue transmitter (43) or receiver (42) circuit 
and the digital circuit (44) is via an internal system 
bus. 25 

8. A switching system according to claim 7, wherein 
the internal system bus is a differential controller 
area network (CAN) bus (414). 

30 

9. A switching system according to any of claims 1 
to 8, in which the analogue crosspoint switching 
arrangement (501 ,502) Comprises a switch topol- 
ogy based on a switched transconductance archi- 
tecture, as 

10. A switching system according to claim 9, in 
which the analogue crosspoint switching arrange- 
ment comprises a low power, large matrix cross- 
point switch with high input resistance, low input 40 
capacitance and wide bandwith. 

11. A switching system according to claim 10, in 
which the analogue crosspoint switching arrange- 
ment comprises a plurality of multiplexers, each 45 
comprising a folded-cascode high-speed voltage 
feedback amplifier. 

12. A switching system according to any one of 
claims 1 to 11, wherein the digital crosspoint so 
switching arrangement comprises a field program- 
mable gate array (402). 

13. A switching system according to claim 12, 
wherein the digital crosspoint switch arrangement ss 
(402) is controlled by the centra] processing unit 
(400) on its switch module, via separate address, 
data and control buses (405, 406, 407). 
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14. A switching system according to any one of 
claims 1 to 13, wherein communication between 
the digital crosspoint switch arrangement (402) and 
the backplane (45) is via a differential transceiver 
(410), preferably a low voltage differential 
driver/receiver. 

15. A switching system according to claim 5, 
wherein each switch module can handle sixteen 
video channels, such that a minimum of eight 
switch modules will allow sixteen computer user ter- 
minals to access 128 computers in a non-blocking 
way. 

16. A switching system according to claim 15, 
wherein the digital crosspoint switching arrange- 
ment comprises two bi-directional 16x16 gate 
arrays adapted simultaneously to handle respective 
HS and VS signal data, pertaining to one video 
channel. 

17. A switching system according to any one of 
claim 16, in which the analogue crosspoint switch- 
ing arrangement comprises an array of 128 
transconductance input stages organised as eight 
16x1, or two 16x8, multiplexers with a common, 16- 
line analogue input bus. 

18. A switching system according to any one of 
claims 1 to 17, in which each multiplexer switching 
hub (40) further comprises a programmable control 
panel module (46) in communication with the back- 
plane (45) for system reconfiguration, and display 
of status information. 

19. A switching system according to claim 18, in 
which the control panel module (46) is adapted to 
interlace with a remotely-linked input/output device, 
linked via infrared or radio, and/or is adapted to 
interface with a remotely-located computer user ter- 
minal (47). 

20. A switching system according to any one of the 
preceding claims, In which each switch module 
(41 ), is adapted to be hot-swappable. 

21. A switching system according to any one of the 
preceding claims, further comprising a fully-redun- 
dant power supply comprising multiple power sup- 
ply units (601 , 602) wherein each power supply unit 
(601 , 602), is adapted to be hot-swappable. 

22. A switching system according to any one of the 
preceding claims, further comprising multiple cool- 
ing fan modules (603,604), wherein each cooling 
fan module is adapted to be hot-swappable. 

21. A switching system for interconnecting a plural- 
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ity of computer user terminals (1-16), having user 
interface devices including a keyboard (1b), a video 
display unit (1a) and a cursor control device (1c), 
with a plurality of computers (201-328) in a compu- 
ter network, allowing a user to access any one or 5 
more of said computers from the user interface 
devices or a single terminal, comprising 

a switching hub (40) for routing keyboard and 
cursor control signals transmitted from any one 10 
(1 ) of the terminals (1 -1 6) to a selected compu- 
ter (201), and for routing video signals received 
from the said computer to said one of the termi- 
nals, said signals being in both digital and ana- 
logue form, 15 

a user interface module (17-32) for receiving 
said transmitted keyboard and cursor control 
signals, coupled between said plurality of com- 
puter user terminals (1 -1 6) and said switching 20 
hub (40), 

a computer interface module (51-178) for 
receiving said received video signals, coupled 
between said plurality of computers (201-328) zs 
and said switching hub (40), 

characterised in that 

the switching hub (40) comprises a plurality of 30 
removable and hot swappable switch modules 
(41) each with its own crosspoint switching 
arrangement (402,501,502) and central 
processing unit (400), each module comprising 
an analogue transmitter (43) circuit and/or an 35 
analogue receiver (42) circuit, a programmable 
digital circuit (44) for handling digital data sig- 
nals, and a backplane (45) interface between 
the said analogue (42, 43) and digital (44) cir- 
cuits. 40 

22. A switching system for interconnecting a plural- 
ity of computer user terminals (1-16), having user 
interface devices including a keyboard (1b), a video 
display unit (1a) and a cursor control device (1c), 45 
with a plurality of computers (201-328) in a compu- 
ter network, allowing a user to access any one or 
more of said computers from the user interface 
devices or a single terminal, comprising 

so 

a switching hub (40) for routing keyboard and 
cursor control signals transmitted from any one 
(1 ) of the terminals (1 -1 6) to a selected compu- 
ter (201 ), and for routing video signals received 
from the said computer to said one of the termi- 55 
nals, said signals being in both digital and ana- 
logue form, 



a user interface module (17-32) for receiving 
said transmitted keyboard and cursor control 
signals, coupled between said plurality of com- 
puter user terminals (1-16) and said switching 
hub (40), 

a computer interface module (51-178) for 
receiving said received video signals, coupled 
between said plurality of computers (201-328) 
and said switching hub (40), 

characterised in that 

the switching hub (40) comprises a crosspoint 
switching arrangement (402,501 ,502), includ- 
ing an analogue crosspoint switch (501,502) 
with a switch topology based on a switched 
transconductance architecture. 

23. A switching system according to claim 22, in 
which the analogue crosspoint switching arrange- 
ment comprises a low power, large matrix cross- 
point switch with high input resistance, low input 
capacitance and wide bandwith. 

24. A switching system according to claim 23, in 
which the analogue crosspoint switching arrange-, 
ment comprises a plurality of multiplexers, each 
comprising a fblded-cascode high-speed voltage 
feectoack amplifier. 

25. A switching system according to any one of 
claim 24, in which the analogue crosspoint switch- 
ing arrangement comprises an array of 128 
transconductance input stages organised as eight 
16x1, or two 16x8, multiplexers with a common, 16- 
line analogue input bus. 

26. A switching system for interconnecting a plural- 
ity of computer user terminals (1-16), having user 
interface devices including a keyboard (1b), a video 
display unit (1a) and a cursor control device (1c), 
with a plurality of computers (201 -328) in a compu- 
ter network, allowing a user to access any one or 
more of said computers from the user interface 
devices or a single terminal, comprising 

a switching hub (40) for routing keyboard and 
cursor control signals transmitted from any one 
(1) of the terminals (1-16) to a selected compu- 
ter (201), and for routing video signals received 
from the said computer to said one of the termi- 
nals, said signals being in both digital and ana- 
logue form, 

a user interface module (17-32) for receiving 
said transmitted keyboard and cursor control 
signals, coupled between said plurality of com- 
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puter user terminals (1-16) and said switching 
hub (40), 

a computer interface module (51-178) for 
receiving said received video signals, coupled 
between said plurality of computers (201-328) 
and said switching hub (40), 

characterised in that 
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the switching hub (40) is a modular system 
comprising a plurality of switch modules (41), 
each module comprising a separate analogue 
transmitter (43) circuit or an analogue receiver 
(42) circuit, each including an analogue cross- 15 
point switching arrangement, a separate pro- 
grammable digital circuit (44) for handling 
digital data signals and. including a digital 
crosspoint switching arrangement, and a back- 
plane (45) interface between the said analogue 20 
(42, 43) and digital (44) circuits, s&id analogue 
circuit embodying stripline structures for video 
bus channel paths. 

27. A switching system according to claim 26, in 25 
which adjacent channel paths are interleaved in an 
alternate tri-plate stripline structure, with even 
channels carried in one stripline structure and odd 
channels carried in the next adjacent stripline struc- 
ture. 30 

28. A switching system according to claim 26 or 
claim 27, in which the backplane is interconnected 
to the analogue circuit with a specific pin assign- 
ment wherein each analogue signal carrying pin 35 
(702) Is encircled by pins to ground (701) thereby 
creating a pseudo-coaxial cavity (700) for each 
analogue signal pathway within the mated back- 
plane connector portion, for optimal crosstalk sepa- 
ration within said connector portion. 40 

29. A switching system according to any of claims 
26 to 28, in which galvanic isolation is incorporated 
In all Interface paths between the analogue cir- 
cuit(42,43) and the digital circuit (44) , preferably 45 
embodied by an optocoupler (500). 
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